I. INTRODUCTION Abstract
During the deployed phase of the Tethered Satellite System 1 Mission (TSS-I), the Orbiter was observed to charge positively on a number of occasions during operation of the 100 mA, 1 keV Fast Pulsed Electron Gun (FPEG) of the Shuttle Electrodynamic Tether System (SETS). The occurrence of positive charging was determined both through the measurement of the voltages in the system and through observation of the charging peaks in the electron spectra measured by the Shuttle Potential and Return Electron Experiment (SPREE). Here we present data from the two cases of highest positive charging during the deployed phase of the TSS-1 mission. These cases occurred in darkness during periods of depressed ambient plasma density. Positive Orbiter charging was observed from ten to a hundred volts. During the operation of the FPEG prior to Orbiter charging, the SPREE electrostatic analyzers measured intense fluxes of electrons at energies up to the energy of the emitted beam. During the charging periods, the SPREE electron spectra displayed a peak whose position in energy was consistent with the positive potential of the Orbiter as determined from SETS and the Italian Space Agency (ASI) Deployer and Satellite Core Equipment (DCORE and SCORE) measurements. At energies above the charging peak, the shape of the electron distribution function during charging was consistent with a simple acceleration of the pre-charging spectrum by the electric field produced by the positively charged Orbiter. At energies below the charging peak, intense, isotropic fluxes of electrons were measured either with a power law spectrum or with a spectrum peaked at 10 to 20 eV.
The Shuttle Potential and Return Electron Experiment (SPREE) was flown in the Orbiter payload bay as an integral part of the joint NASMtalian Space Agency (ASI) TSS-1 mission. The TSS-1 mission was conducted during the STS-46 flight of the Space Shuttle Orbiter, launched on July 31, 1992. For this mission, the Orbiter was in a 28" inclination orbit. The TSS-1 deployed activities were conducted at a 295 km altitude. The goal of the TSS-1 mission was to investigate the mechanical and electrical dynamics of a conducting satellite deployed from the Orbiter by a conducting tether. For TSS-1, the satellite was to be deployed from the Orbiter to a maximum distance of 20 kilometers. Both the TSS-1 satellite and the Orbiter carried instruments designed to study the electrodynamic processes.
In the TSS-1 system, the satellite is deployed by the conducting tether from the Orbiter radially away from the earth. In this configuration the tether is moving relative to the earth's magnetic field. As a result, a motional electromotive force (em8 is produced that is a product of Orbiter velocity, the Earth's magnetic field, and the length of the deployed tether,
For the STS-46 orbit, the magnitude of the emf averaged 0.22 V/m. At full deployment to the planned distance of 20 km, a potential drop between the satellite and the Orbiter of up to 5 kV would have been generated. As a result of this emf, a current can be driven in the tether. The electrically conductive satellite skin conductive acts as an anode in the TSS-1 circuit, collecting electrons that could travel along the conducting tether to the Orbiter where they could either be routed to Orbiter structural ground or be emitted into the ionosphere via active electron emission.[l,2,3,4,5] The total potential drop across the tether is equal to the sum of all of the potential drops in the system,
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the potential drop in the
As precursors to TSS-1, numerous rocket-bome electrodynamic tether experiments have illustrated the usefulness of tethered systems in the study of space plasma phenomena.[6,7,8,9,10,11,12] The TSS-1 system provided the first orbital platform of a tethered system for such studies. This system could be configured in a number of modes. In one mode, the tether current is routed to the Orbiter ground either directly (through a shunt resistor of 15 a) or through a known, larger resistance. (See Figure 1. ) This routing is controlled in the SETS Tether Current Voltage Monitor (TCVM). In this configuration, the Orbiter and TSS satellite charge to the voltages necessary to balance the current collection at the two locations. The Orbiter would charge negatively and the satellite positively. In another mode, the tether again is connected to Orbiter ground via the TCVM, but in this case the SETS Fast Pulse Electron Gun (FPEG) is used to emit the collected electrons into the ambient plasma. [4, 13, 14, 15] A third mode has the tether electrically connected to an electron beam system isolated from the Orbiter ground. This beam system, the AS1 Deployer Core Equipment (DCORE) Electron Gun Assembly (EGA) is used to complete the TSS-1 current loop to space. [16, 17] A fourth mode has the satellite electrically isolated through a large impedance from the Orbiter, with essentially no current flowing and no electron beam emission, allowing the satellite to act as a reference electrode and the scientific instruments to measure the ambient plasma.
Many theoretical studies have been conducted on current collection by a positive probe in a space plasma[l8]. These works have included charging of vehicles emitting electron beams. Such charging has been shown to be controlled by either space charge effects[l9] or magnetic field effects [20] that act to limit ionospheric retum currents to the vehicle during electron beam emission. Comparisons of flight data to these theories are not straightforward given that the objects theoretically modelled in these works were simple spheres and not actual spacecraft shapes. Also, the electron beam can be backscattered, produce secondary emission from surfaces it strikes, and cause ionization, making modelling difficult. The results reported here offer new insight into that retum current collection process while the modelling effort to fully quantify this process continues in light of these new data.
INSTRUMENTATION OVERVIEW
The key elements of the SPREE system are two multiangular electrostatic analyzer (ESA) units each mounted on a rotary table (RTMD). Each ESA measures the flux of electrons and ions in 32 logarithmically spaced energy channels covering the range from 10 eV to 10 keV. The particles are measured in an angular fan, of 100" x 10". Within the 100" dimension of the fan particles are measured in ten, 10" zones numbered 0 to 9. The center of the angular range of Zone 0 is parallel to the ESA mounting surface while that for Zone 9 is towards the zenith. The ESAs are mounted on rotary tables in order to measure over a full 2x steradian solid angle out of the Orbiter bay at the SPREE location. Each rotary table mechanically sweeps an ESA through 180" in azimuth at a rate of approximately 6" per second. In normal operation, the rotary tables' motions are synchronized with the ESAs' detection fans 180" apart. This permits coverage of the full 2x steradian every 30 seconds. The ESAs have two modes of operation, returning either one complete spectrum per second (slow mode) or eight complete spectra per second (fast mode). The geometric factors for the two ESAs differ by approximately two orders of magnitude, generally allowing unsaturated measurements of the ambient particle population during both quiescent and perturbed plasma conditions, even for direct return of electron beam particles to the instrument. [21, 22, 23] SPREE included a Spacecraft Particle Correlator Experiment (SPACE) to measure modulations of the electron and ion fluxes as might be produced by coherent wave-particle interactions. The heart of the SPACE electronics package is a set of microcontrollers and hardware processors, all controlled by a microprocessor. The key inputs to the SPACE are the SPREE particle detection pulses from the 40 angular zones of the detector. SPACE uses the high frequency clock in the microprocessor to time the arrival of each pulse to the accuracy In this study we present only data from the SPACE Low Frequency (LF) Autocorrelator. In the LF Autocorrelator, true autocorrelations are performed in the frequency range from 0-10 kHz for both ions and electrons. In this technique, the particle generated pulse trains are analyzed separately in each SPREE zone and at each energy channel. In each such case, the pulses are processed for a selected time interval. The duration of the interval is set according to the frequency range to be studied. The interval is divided in 64 bins of equal width in time. The number of pulses observed in each bin is stored. At the end of the interval, this set of 64 numbers is autocorrelated to generate a 32 point autocorrelation function (ACF) that is summed at a given energy and zone over the interval. A coherent modulation of the particles will appear in the ACF as a series of periodic peaks. [22] Data for this study were also provided by SETS, the Research on Electrodynamic Tether Experiment (RETE), and the DCORE & SCORE. The SETS data were from the FPEGs and the TCVM. The FPEG emitted a 100 mA, 1 keV beam in either a DC mode or in an AC mode, with a pulsing range from DC up to 1.25 MHz. Note that when an ESA's azimuthal position is 180°, it is viewing along the direction of FPEG emission. As previously noted, the TCVM controlled the path of the tether current at the Orbiter. In addition, the TCVM measures the tether current using a Hall effect current sensor and the tether potential when the circuit is open. The RETE consisted of a set of wave receivers and thermal plasma probes on the TSS satellite. [24] The RETE measurements used in this study include the potential of the satellite, the local plasma potential, the electron temperature, and the ion and electron densities, all obtained from the DC Boom Package (DCBP) on the satellite. Accurate tether current and voltage measurements were provided by the DCORE and SCORE.
POSITIVE ORBITER CHARGING CASES
A number of periods of positive charging of the Orbiter occurred during the deployed portion of the TSS-1 mission with the FPEG operating. These positive charging events were primarily determined from TCVM and DCORE data using one of two techniques. In the frst method, the tether was electrically disconnected from the Orbiter. For this case, the satellite was isolated from the Orbiter through a large impedance and acted as a reference electrode. The TCVM and the DCORE independently measure the emf-induced potential across the tether. We know that the major contribution to this measured potential was the motional emf and the potential produced by the operation of FPEG and that other sources (e.g. potentials induced by naturally occurring ionospheric electric fields) are second order effects. Also, is assumed to be negligible in this study given the short tether length. The satellite potential will be near zero since there was no current flow in the tether, giving, where emf is the calculated v x B L voltage. The emf can be calculated from the model of the earth's magnetic field, the known orbital position and the orientation of the tether system.
The difference between the calculated v x B L voltage and the measured tether potential gives the expected Orbiter ground voltage which can then be compared to the SPREE electron spectral peaks.
In the second method, the tether is connected to the Orbiter ground through one of the TCVM resistors, and the TCVM and the SCORE independently measure the tether current. When the value of the TCVM resistor is large such that the tether current is small, the potential of the satellite ground with respect to the ambient plasma is still close to zero. For this case, the sum of the voltage drop across the known tether resistance, the voltage drop across the resistor in the TCVM, and the v x B L voltage must equal the voltage of the Orbiter ground (Equation 4). Since the first two are measured and the third can be calculated, the value of the Orbiter potential can be specified. Even for cases where there is a smaller TCVM resistor in-line, the Orbiter ground voltage can be calculated from a knowledge of the tether current and the ground potential of the satellite supplied by RETE (Equation 5 ). Again, the SPREE measured electron spectral peaks can be compared to this determined value of QOrbiter.
The charging events reported here occurred during the Deployment 1 (DEP1) operating cycle. The DEP 1 cycle consisted of four steps, each lasting roughly 100 seconds, all with the Deployer Master Switch (DMS) closed such that the tether could be electrically connected to the Orbiter through the TCVM. (See Figure 1 .) The SPREE ESAs were always operating in the fast deflection sweep mode for DEP 1 cycles. SPREE data shown in this paper will be from DEP 1 Steps 1 and 2. I DEP 1
Step 1 had the satellite electrically isolated from the Orbiter and the FPEG pulsing at various frequencies and duty cycles. Measurements of the Orbiter potential in conjunction with the FPEG emissions could then be made while the scientific instruments on the satellite could make measurements of the unperturbed plasma in its vicinity. In DEP 1 Step 2 the tether was connected to the Orbiter ground through the resistodcapacitor bank downstream of the Current Mode Switch while at the same time the FPEG fired a DC beam. The TCVM resistors were again cycled in Step 3 but with no FPEG emission. DEP 1 Step 4 was a passive one, with the satellite electrically isolated, no FPEG emission, and no cycling of the TCVM resistors. Table I1 lists the times for which positive charging has been identified in the SPREE electron spectra along with relevant environmental information. Note that for all of these events, SPREE was in the fast deflection sweep mode. We will discuss in detail the two largest positive charging events, 217/23:32 and 218/01:01 (Events 1 and 6). For the two events presented here, the thruster firings are not correlated to triggering the charging process as they are in Events 2-5 and 7-14. Events 1 and 6 are correlated to passage of the TSS-1 through regions of depressed ambient plasma density as measured by RETE. [25] The RETE measurements indicate that positive charging occurred for densities below 6 x lo5 electrons/cm3. To facilitate identification of data features in the.figures that follow, Table I11 is included and lists the start and end times for the steps of the Event 1 and Event 6 DEP 1 cycles. 
N. CHARGING EVENT 6
We first consider charging in Event 6. During this event the tether was deployed to a length of 185.5 m. The Orbiter was in darkness near the geographic equator. The Orbiter's Flash Evaporator System (FES) operated continuously throughout this event, releasing a vapor cloud around the Orbiter. In addition, intermittent Reaction Control Thruster (RCS) firings occurred.
Throughout Event 6, the Orbiter was in an attitude with its engine bells in the ram direction, belly to earth, and payload bay to space, essentially flying in a backwards airplane configuration. In this attitude, the SPREE was shadowed from measuring ram ions directly. This wake effect did not preclude the SPREE from measuring electrons. This Orbiter attitude provided the maximum conducting surface exposure to ram allowing maximum current collection from the ambient ionosphere by the Orbiter.
The FPEG emits electrons over an angular cone with an initial half angle of 7.5". For Event 6, this emission cone was centered at a pitch angle of approximately 6". In the SPREE coordinate system, the magnetic field direction was parallel at an azimuthal angle of 202", in Zone 3 of ESA B.
During Event 6 there were periods in which the Orbiter was both charged and uncharged. An example of the SPREE data for the period prior to Orbiter charging in Event 6 is shown in Figure 2 . In the figure, the differential number flux, as measured by ESA A in electron Zone 3, is plotted in a grey scale spectrogram for the period from 218/00:59:10 to 218/01:00:40. Energy is plotted on the y axis and time and azimuthal angle are plotted on the x axis. The line plots at the bottom of the figure show the pitch angle and ram angle for the zone as a function of time.
During this period of FPEG operations, SPREE measured intense fluxes of electrons. Typically these fluxes extended up to energies of a couple of hundred eV although weak fluxes were observed at some angles up to the energy of the FPEG beam. We use the TCVM and DCORE data, from the Event 6 DEP 1 Step 1, in Equation (3) to obtain the result that the Orbiter did not charge to more than a few volts positive during the operation of the FPEG for this case. The Orbiter charged at most to 3 Volts positive, below the SPREE detection range. 
Electron differential number flux spectra measured in
Gaps in the spectra seen between 218/00:59:39 and 218/00:59:43 are produced by the pulsing of the FPEG at a rate faster than the deflection sweeps of the ESA. The absence of measurable electron fluxes in the SPREE energy range from 218/01:00:22 to 218/01:00:27 results from the termination of the FPEG emission between DEPl Steps 1 and 2. The FPEG provided a number of short beam emissions starting at 218/00:59:09 and then at 218/00:59:28 began emitting contiguous pulses of varying duty cycles. At 218/00:59:38 the duty cycle was changed to 11% and held there until 218/00:59:45 after which time the FPEG emitted in a DC mode until it was stopped at 218/01:00:22. Figure 2 illustrates several points of note. First, although the spectral shape varies with the rotation of the ESAs, intense electron fluxes are seen at all azimuthal angles. Second, the highest electron fluxes are seen at the lowest energies. In general, the electron spectrum is either monotonically decreasing for increasing energy, or shows a peak at an energy of 10 to 20 eV and is monotonically decreasing beyond the peak. Third, the flux shows a consistent pattem in azimuthal angle, i.e. approximately the same spectrum is measured whenever the same azimuthal angle is sampled. This demonstrates that the pattem is relatively time-stable, such that the variations observed with azimuth are variations with respect to pitch angle and angle to the direction of beam propagation. A representative spectrum from this DEP 1
Step 1 period is shown in Figure 3 . The spectrum is taken from ESA A, Zone 3 at an azimuth angle of 5" and a pitch angle of 136" (218/01:00:41). This is a direction well away from the direction of FPEG emission. The spectrum is an average over 8 consecutive spectra. The spectrum is peaked at an energy of approximately 13 eV with a differential number flux at the peak of 5.2 x lo9 electrons/cm*-sec-ster-eV. The peak in the spectrum is still present if the differential number flux is converted to values of the distribution function indicating a non-thermal distribution. Since we know that the Orbiter is not charged, the peak in the spectrum must be a result of the beam emission process. Integrating over the distribution function for this spectrum and assuming isotropy for the flux gives a number density of approximately 3.8 x lo3 electrons/cm3 and an average energy of 18 eV. Such high densities are a significant fraction of the expected night time ionospheric density and indicate a significant heating of a large component of the ambient plasma by the FPEG emissions.
In Figure 4 , we have plotted the number flux integrated over the full SPREE energy range for ESA A. The integral number flux is plotted as grey scale versus time and the ten angular zones of the detector. The principal point of note is that the integral number flux is reasonably isotropic. Variations across the zones are generally less than a factor of two. The typical levels are 5 x 10'' to 2 x 10'' electrons/cm'-ster-sec.
This plot demonstrates that prior to the positive charging of the Orbiter, the return flux of electrons to the Orbiter was approximately isotropic. Using ESA A's measure of the average total electron number flux in the pre-charging period, and the observation of nearly isotropic return flux, one can calculate the average return current flux to be 0.5 to 1 d m 2 .
If the conductive collecting area of the Orbiter is taken to be on the order of 25 m2, and with a 100 mA FPEG emission, it appears that the return flux measured by SPREE is not sufficient to compensate for the emitted beam flux. The current balance may well then be achieved mainly through the electrons below 10 eV which are not measured by SPREE or may be done at the FPEG itself. The increase in the level of positive charging is seen to qualitatively follow the decrease in density, i.e., the potential increases as the density decreases. Figure 5 is a grey scale spectrogram of the electron differential number flux from ESA A for Zone 3 for the period from 218/01:00:50 to 218/01:02:20. Note that starting at GMT 218/01:01:00 the electron spectra display a peak at energies above 13 eV. The Electron differential number flux spectra in ESA A, location of the peak moves to higher energies with time reaching values as high as approximately 80 eV. This charging period directly corresponds to the shunt (15Q) being inline and FPEG firing. These SPREE peaks are in good agreement with the determined Orbiter potential value, obtained from Equation (5) using TCVM, RETE and SCORE data (see Figure 6 ).
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That the spectrum is indicative of positive charging of the Orbiter is also demonstrated in Figure 7 . In the figure, we have plotted the distribution function of the electrons versus energy on a log scale for two spectra, one before and one after the start of charging (218/01:00:41 and 218/01:01:41). The two spectra were chosen one minute apart such that they were measured at the same azimuthal and pitch angle. This is necessary since the spectrum is seen to vary significantly in shape and intensity with azimuth. With respect to the spectrum, there are three principal points of note. First, at energies beyond the peak at 50 eV the two spectra have similar shapes simply being displaced by approximately 30 volts. Such a consistent displacement in the spectrum is what would be expected if the electrons fell through a potential drop of 30 volts. This is indicative of positive Orbiter charging for the time 218/01:01:41. Second, below the charging peak there is an additional population of electrons peaked at 15 eV as was present before the charging. In this case the flux at the peak is larger than for the pre-charging spectrum. Assuming isotropy, we integrate over the distribution function for this spectrum, and obtain a number density of 4.6 x lo3 cm3 for this low energy component. Third, the value of the distribution function at the charging peak is 6 x sec3/cm6. If the pre-charging spectrum was accelerated by 30 volts then the entire spectrum should be translated by this same amount such that the value at the peak should be 6.5 x sec3/cm6. The measured value is lower due to saturation of the detector. The flux at 50 eV predicted from translation of the pre-charging spectrum by 30 eV would require a count rate of greater than a megacycle, beyond the measurement capability of the SPREE. 
Electron distribution function plotted versus energy, from
This saturation effect is also seen in ESA B as shown in Figure 8 . In this figure we have only plotted the distribution function for spectra both before and after the onset of positive charging (218/01:00:50 and 218/01:01:50). As for the functions plotted in Figure 7 , for energies above 100 eV the two distribution functions in Figure 8 are simply offset in energy. At this time in the charging, 218/01:01:50, the offset is approximately 80 eV. One notes, however, that at 80 eV there is a dip in the value of the distribution function. Again, we attribute this dip to saturation of the detector. The effect of this saturation is that it is very difficult to determine the true thermal and charging peaks in the spectra. For the TSS reflight, the ESAs' geometric factors will be adjusted to prevent this saturation effect from hindering our measurements during both FPEG and EGA emissions. For the Charging Event 1, the Orbiter was again in darkness with the tether being deployed during the event from a distance of 105.3 to 148.9 meters. During this period the Orbiter was oriented with the engine bells into the ram and the payload bay to space. The Orbiter was pitched up with respect to the velocity vector by 40" degrees such that SPREE was deep in the wake region. In Event 1, the FPEG does not escape the Orbiter when fired as it did in Event 6. It hits the starboard payload bay door to the rear of the Orbiter. This event differs from the Event 6 in several ways. First, the Orbiter is charged positively throughout the event both during DC and pulsed operation of the FPEG. For this reason, we cannot compare charging and non-charging spectra. Second, the level of charging appears to be independent of whether FPEG is pulsing or DC. Third, while intense electron fluxes are observed for Event 1 they are not as large as those seen in the Event 6 and there is no indication of saturation of either ESA A or B. Lastly, the intensity of the electron flux at energies below the charging peak varies by an order of magnitude or more during the event. 
SPREE observed Orbiter potential and determined Orbiter
That the Orbiter was charged is shown in Figures 9 and 10 . In Figure 9 we have plotted the SPREE spectral peaks with the Orbiter potential as determined from Equation (3) using DCORE measured tether voltage and calculated v x E L voltage. Gaps in the SPREE spectral peaks plot are periods of time when the Orbiter potential was below the SPREE detection range or was zero. Figure 10 is a grey scale spectrogram of the electron data from Event 1 for the period from 217:23:32:00 to 217:23:33:30 from ESA A electron zone 6. As for Event 6, the electron spectra are peaked at energies between 10 and 100 eV.
Two typical differential number flux spectra are shown in Figure 11 (217/23:32:18 and 217/23:33:02). As before, these Electron differential number flux spectra measured in are averages over 8 consecutive fast sweep spectra. The two spectra are for cases where the charging peak is at approximately 40 eV and 100 eV, respectively. For both spectra the flux fall off rapidly at energies above the peak indicating a relatively cold parent population. This parent population is much colder than that seen in Event 6, where measurable fluxes were seen in more energy channels above the charging peak energy channel. At lower energies, the 40 Volt charging spectrum shows a peak at approximately 10 eV.
The 100 Volt charging spectrum shows a much more intense low energy component with no peak within the energy range of the SPREE. This part of the spectrum can be fit to a power law of the form j(E) = aEmb where in this case b = -3.39 and a = 2.807 x where E is in eV and differential number flux is in electrons/cm*-ster-sec-eV. Since the measurements in this case appear to be unsaturated we can use them to investigate the directionality of the flux at the peak of the charging spectrum. An example of this is shown in Figure 12 . In the figure the variation in the differential number flux across the 10 zones of the detection fan is plotted for the 40. 4 eV channel at 217/23:32:34. At this time, the charging peak in the spectrum was at this energy as can be seen in Figure 10 . The ESA A detection fan was at an azimuth of 8" looking out over the Orbiter's port wing. The values are an average over 8 consecutive ESA sweeps. The intensity is seen to vary by more than a factor of 5 across the zones with the lowest flux in Zone 1 and the highest flux in Zone 8. By contrast, the flux is found to be close to isotropic across the zones for the energy channels below the peak. In general, the flux at the charging peak is not isotropic with the direction of maximum flux varying with azimuth and with the level of the charging. Further analysis is being performed to determine whether the anisotropy is produced by the charging or if it arises from secondary emission of electrons from the Orbiter's surfaces bombarded by the non-escaping R E G . The fact that the flux is isotropic across the zones for energies below the charging peak demonstrates that the effect is not produced by shadowing of the particles by the Orbiter's physical structure. Figure 13a shows the ACF as determined by the LF Autocorrelator and the plot in Figure 13b is the Fast Fourier Transform of the ACF. These are data for electrons measured in ESA A electron Zone 8 and at the 40 volt charging peak. In the ACF, one notes a series of distinct periodic peaks. In the FIT, these are seen to produce a principal peak in frequency at 312 Hz. Further studies are underway to determine the nature of this wave-particle interaction in the charging observed.
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VI. SUMMARY
In this paper, we have reported on observations of positive charging of the Orbiter during the deployed phase of the TSS-1. The charging is observed to occur when the Orbiter was in darkness, during periods of low ionospheric density and the SETS FPEG was emitting a 1 keV, 100 mA electron beam.
The charging occurred when the ambient plasma density was too low to provide a current to match the FPEG emission. For the cases where the ambient plasma temperature was approximately 0.1 eV, and assuming a conducting area of the Orbiter of approximately 25 m2, the positive charging occurred for densities below 6 x lo5 electrons/cm3.
The positive charging of the Orbiter is seen in the SPREE data as a peak in the electron spectrum produced by the acceleration of the preexisting electrons by the electric field created by the charging. Prior to the charging, the electron population in the energy range above 10 eV had already been greatly enhanced by the operation of the FPEG. The charging is seen as an acceleration of this already enhanced and relatively hot electron population. Intense fluxes of electrons were observed at low energy for both the charged and uncharged Orbiter. This low energy component tended to be isotropic with densities as high as 4.6 x lo3 electrons/cm3. The return flux at the charging peak was anisotropic, with the anisotropy varying with the level of charging and the pitch angle.
